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The piperidine ring system is well known to be present
in many naturally occurring and biologically important
compounds.! As part of our continuing studies? on chiral
bicyclic lactams 1 (X = O), we remain interested in using
these substrates as precursors to chiral piperidines. We
now describe our findings that lactam 1 derived from (S)-
phenylglycinol can be readily transformed, in two steps,
to enantiomerically pure 2-substituted piperidines. The
synthetic utility of the process is demonstrated by
acquisition of three piperidine alkaloids, (—)-pipecoline
(8a), (+)-coniine (8¢), and (—)-coniceine (12).
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Earlier reports from these laboratories had shown that
the [3.3.0] bicyclic lactam 2 (X = O) could be transformed
to the corresponding pyrrolidine with very high stereo-
selectivities on treatment with alane.> Attempts to
perform the analogous reaction on the [4.3.0] lactam 1
(X = 0O) resulted in only recovered starting material. It
had been noted in earlier attempts to reduce the carbonyl
group in 4 with Red-Al, that C—O cleavage along with
carbonyl reduction to the corresponding piperidine was
observed.* We set out to exploit these findings in an
effort to optimize this conversion to reach a practical
method for the preparation of 2-substituted piperidines.

Initial attempts to reduce 1la (X = O) with Red-Al at
room temperature resulted only in reduction of the
lactam carbonyl to the corresponding methylene, afford-
ing the bicyclic oxazolidine la (X = H;) as the sole
product (Scheme 1, Table 1). However, when the above
reaction was carried out in refluxing tetrahydrofuran, the
piperidine 5a was isolated in 80% yield as a 96:4 mixture
of diastereomers. Although the diastereomers appeared
to be inseparable at this stage, acetylation of the two
alcohol mixture furnished products that were readily
purified to a single diastereomer by silica gel chroma-
tography. Removal of the N-benzyl moiety in 6 was
achieved by hydrogenation over Pd(OH)y/C providing (+)-
pipecoline (8a) ([a]?p —3.91 (¢ = 0.46, EtOH), lit.5 [a]*5p
—3.9). In a similar manner bicyclic lactam 1lc was
prepared and subjected to the above conditions to provide
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(+)-coniine (3e) in three steps in a 50% overall yield
([a)?®p +9.37 (¢ = 0.32, EtOH), 1it.® [a]*®p +9.2).78

Some insight into the reduction of 1 to § was provided
when a 3:1 mixture of 1¢ (X = O) and its epimer? at the
angular position were treated with Red-Al. This afforded
the desired piperidine 5e¢, but only as a 3:1 mixture of
diastereomers, indicating that the stereochemistry of the
product reflects the stereochemical homogeneity of the
precursor lactam. The fact that the reduction of diaste-
reomerically pure 1¢c (X = O) proceeded with virtually
complete retention of configuration at the angular posi-
tion suggests that following reduction of the carbonyl,
HAIR; may coordinate to the oxygen of the oxazolidine
ring 8 (Scheme 2) weakening the C—O bond and promot-
ing iminium ion formation, 9. Subsequent delivery of
hydride from the oxygen—aluminum hydride face pro-
vides the observed products,® 5.

In order to broaden the scope of this piperidine route,
a versatile means of preparing bicyclic lactams with
various groups at the angular position was required.
This, in turn, required developing a general protocol for
the synthesis of 1,5-keto acids, the reaction partner for
the condensation of (S)- or (R)-phenylglycinol.}® Since it
was known that alkyl and alkenyl Grignard reagents add
selectively to methyl 4-(chloroformyl)butyrate (10) at low
temperatures furnishing 1,5-keto esters,!! a generalized
route employing a variety of Grignard reagents should
be the method of choice leading to the desired keto acids.

Thus, treatment of commercially available acid chloride
10 with the Grignard reagent of 2-(2-bromoethyl)-1,3-
dioxane afforded the desired keto ester (Scheme 3).
Hydrolysis of the ester with potassium hydroxide fur-
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Table 1. 2-Substituted Piperidines 3 from Lactams, 1
Entry R4 % yield 6 de (%) % yield 3¢
a Me 80 92 700
b Et 71 90 78
n-Pr 73 91 74
(o}
d — (CHge— :> 92 >97 84
o}
e —(CHz)3—0Bn 83 86 56¢€
—(CH
f (CRalay~~y 65 92 91d
a) Ratios of diastereomers measured by TH NMR. b) HPLC (Chiralcel OD column, 95:5 hexane:
isopropanol) analysis showed material to be >97% ee. (c) Product is 2-(3- hydroxypropyl)plpendine
(d) Product is fully saturated piperidine. (e) All piperidines, except 3d, were characterized as the
hydrochioride salts (Supplementary Material).
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nished acid 11a in 87% yield for the two-step sequence.
Keto acids 11b and 11lc were prepared in analogous
fashion. These acids were subsequently transformed to
the corresponding piperidines using the aforementioned
sequence (Table 1, d—f), demonstrating that various
groups as well as chirality could be accommodated at the
angular position of the bicyclic lactams. As a further
demonstration of the scope of the method, acetal-contain-
ing piperidine 3d was converted to (—)-coniceine by
hydrolysis of the acetal to the corresponding aldehyde,
which was directly hydrogenated over 10% Pd/C affording
(—)-coniceine (12) in 56% yield.1213

In summary, a simple procedure has been devised for
the preparation of chiral, nonracemic 2-substituted pip-
eridines in high enantiomeric purity. Additionally, a
route to bicyclic lactams containing a range of angular
substitutions has been achieved which further enhances
the synthetic utility of chiral bicyclic lactams.!*
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